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(57)Abstract: 

PROBLEM TO BE SOLVED: To make a nonaqueous secondary battery have an initial capacity close to the 
theoretical capacity and reduce degradation of the capacity after many charge/discharge cycles, in the event 
that lithium is used as a negative electrode and a nonaqueous electrolyte containing a lithium salt is used. 
SOLUTION: In a method for manufacturing a positive electrode active material used in this battery, a spinel- 
structure composite compound, which is obtained such that a lithium compound and manganese carbonate 
having a specific surface area larger than 10 m2/g are mixed together and caused to react at least for an hour 
within a temperature range not lower than 350° C and not higher than 680° C, is heat-treated within a 
temperature range not lower than 730° C and not higher than 900° C. Thus, the positive electrode active 
material is obtained being a spinel-structure composite compound of lithium, manganese, and oxygen, wherein a 
mol ratio of the lithium to the manganese is within a range of Li/Mn=0.48 to 0.55, a true density is 4.05 g/cm3 
or more, and a lattice constant is 8.240 &angst; or less. 
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[f»#Jil ] <) &t-?>rt><D*:>l>tt.&L i/M 
n = 0. 48-0. 5 0 
5g/cm J «±. *>o«-T.3tH*S8. 24 0AOT7 

n = 0. 5 1-0. 5 5©ffiB«:&«3. jS2Bffi#S4. 0 
5g/cm J tLh. ^otS^^s. 240A«Tf 

g&±-C*-&eSBr7>#>£ig£U 3 5 0"CJiLt6 8 

o •cj^TojaKffifflr^& < <t t> i mfSfci&uxmhin 

icX e* Jl4tjft1R£lft{bn*. 7 3 0 *Cfcl± 9 0 0 'Oil 

J±#Li/Mn=0. 48-0. 55©®H(C*t3. X 
?B&*«4. 0 5g/cm 3 &± K *>-3fS^-3c^*s 8 . 2 
4 o At*T-e& -5 v ^ r> a , v > tfyRzmm^^fi -5 

[ If&l 4 ] 'J * •> Alb ^ £ tb«ffl»# lOrn' / 
g«±r*££t&v>#>£i||£U 3 5 0'Cy±6 8 
0 "C«T©SSS5H-C4>ft < 1 1> 1 «F|fflSJ£C/"Cf»6*l 
;l4ft£jg£eMb&&. 7 3 0 °CJW_h 9 0 0 'CW 
TOiSSIItMIl'C, 9 A £"7 
Jt#L i /Mn = 0. 5 1-0. 5 5 CDiuBiCifc 0 . M 
«R**4. 0 5g/cm J JJLL. A>o«?^R«t8. 2 
4 0 AJjrF-C&S'j^A. v>**>S^^6^-S 

5 0 0-6 5 0X1^2-4 OffiJiaKl&StK !f?>n 
fcXf^^jgft^Kfb^^? 5 O'C-8 5 0*CT5~ 

3 o £mm!im?2>n*m 3 *fc«4 om-rtifrtcszts, 

©JESrS^HS: ««-r S^fe 

[ W*^ 6 ] IS#JI 1 £ fctt 2 IBlK©iE«t£«!!V& ffl 
[f*#^7] l#^3^t^L/5©^-rtl^«:ie»g<D$J 

[^©SMfflfttftiE] 

[0 00 1] 

KIS<D^&l>*t^;U®j§£W-rS'J^A • 
a^^b^RV-ecDSiig^ffiM^tc-en^iESffiiaM £ 
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[ft*©8ffi] ^*-^H?lfe(DiE@ffi#«<bOr, i«x 
CoO, . L i N i O, Rtf'J9^A. v>#>:teJ:J>- 
•5. C©5%. Li CoO, «3M';U h*Si^ffi-C. An 

*©fc«>{£:3* hr. ^tttEW^^D&^y^A 
• -7>^>Xb-*^j§«^^b^ (&.T^>^>mJE 
10 «ffi«M£t»5. ) ©M*a«5S<»!fS3*rCC»4. l/#> 

B. ^fltm^^Oil-ri. ^[5|©5tmSjcm-C^;^nc 
^filST* *§ c T £ t > 5 * 9 . 3 *=> CC v > 

[0 00 3] *>*»SraH*J»*f £fcit>. «itf?>*' 

>siEfrft#iM©sflfiS«:te^-r , >; ^ &zmmicmim 

20 §ffi£©fcbt£T\ nm&m<Di&T&'Pte^-?>rt>&iE 
ffir§!g)H©!SSgA^s. l*lc©Si(cte^Ttt, -7 

<JScSi<r»5fc****4 («H¥2-27 0 268) . 

o»«ws*©^:afa^N*^^«iftffljESS!»»*fsrt» 

C©v>#>*iE«ffi»lHBttai4««(a< *^tb 
SiffiSW** * t > ©-C . »JWS*tt^:# c »*»?EIWB ©«6 0 

30 (3?a^H4i«22 2 1 2 1 3A) . 3 6(c«. 

>M*4<tUT. tb«Sffl*5 8 0m J /g«±©-^fb-7 

2 7 52 7 6). O^LC©^-CBf#6n^v>y7> 
^IEgr§®lS©SE?E)K^ 4. OOg/cm 1 ffSJC 0 
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40 [0 004] 

[^H^i^uJc^i-r-SSS] *I%^B. U^-^A* 
•Sl^B'J^^A^S/cB'J^^A* K--7\ K F — 7' 

l tarn -xmmom&z mm t -r * . 

[0005] 

50 [g!g£jgfcTr-&fctf>©#f8] *f£BJB. (1) 'J^ 
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5 5©tl(C*0. M®m&4. 0 5 g/cm 3 fei±. 
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WT-Ci^y^^A. ^>#>&^^*>6ft-5>Xt-* 

[0 00 6] (3) ';5=-i»A{b^Jilt^®S*n 0 
m J /fir«±-C*a&m^>#>4fi£t/. 3 5 0'Ct( 
±6 8 0 •C«T©SSt5H-C£i» k j: < <h 4> 1 BSRBKfSOT 

» e>nfcx tr*^«Bitg^M{b«)*. 730 -c«±9 0 

O-CWTCDSgKH-C^iIlbr. 
©*;l/Jt# L i /M n = 0 . 48-0. 5 5©i5BCt& 
0. KffiSaH. 05g/cm ! «±, fr-JlWJaR* 1 
8. 24 0AiaT-C-«).5>V9 : -'?A. v^^'^MlSA 1 

6 ft 4 X tr * ;Hffig«g|M b»t? * 5 jE«t£«K 

( 4 ) A^b^iftiHaSBaws 1 0 m 

1 /gaiT*i«Bv>*>*S^U. 3 50'C«i 
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5 0 0-6 5 0*C-C2-4 0B#r B 1JSlD$ti-, ft 
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(3) &<,>l, (5) ©umrt>{c!et£©§^7^SCtJ:i3 

C £ CC «fc 0 ««Bfl!)Bn*aJSOfc. 
[0 00 8] 

[ mfivmmwm ] &mw% h * t* ju^j&s^ 

•5 £ . Li/Mn tbfthS <ft £ itS^-S^C*^^ < & 
O.Li /MnJt#*$<fc*£t^ffi&as/J^ < ft£ 

s&eTtttfMtc* **. ^©fflcusa* 5 ^;? < ra^ 
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*OTC©L i/MnibWtg!^3s&2BgK:ifi 
t<>0. 48-0. 5 5, ffSKfJO. 51-0. 53 
©85HCC*£fc©*flH>£C£{C<fc9^©te«Sfi# 
t, »*: W "Ctt < £&ls]©3t1ISfc1I£*g 0 il L T fe^fi 

l->ffit/fc. 

[0 00 9] D ^ Av>#>xf*;l4?tj»?g£8Kb1& 
©L i/Mnit#0. 5 0©ffii&ffia«. 4. 28g/ 
cm 3 x-bhifi. *»w©«**ffi«:«fc»)»'&*i4^fcr 
10 * .Mlffittelfc . b^©Kffiffi« 4. 0 5 g / c m 3 JW 
±. H?iL<B4. 20g/cm' Jil±T&9, *>-3* 
MB** 8. 2 40 AWT. RSO<B8. 2 3 5A« 
T©4>©* 5 ^(Cf#e>n. tfCfcL i /Mntb#0. 5 

i-o. 5 3 © x t * )mmm^mitm^ ^ ^ a - # 

[0010] #3HIJ©^>*/>36iE«i§!BjHtt. i; 
A<b^)tJ:b^Ma*U Om' /g«±t?*4ft«v> 
aWif-SL i/MnitKil^U 3 5 O'Cfci 
20 ±6 8 0 'CWf<Oi&mm-C'ptji < i 4> 1 B3fy]Jil±J5J£ 

L. -X»-C»a£BMb«J& 7 3 0 -Cti±9 0 0 'C«T© 
(MnO, ) . H— ^bv>^f> (Mn, O, ) 

<t©M{ b«i*{ b^© «fc 0 ©iar-JS^ jitf T * c t . * 

tcffiWt?>tf> [Mn (NO, ) , ] . 
(MnSO, ) fei'©-5'>^> J a-C«Sj£;cfKNOx . 
30 SO, ifei"©*'^©^^*^ , A^K^S©iSl- : 'V> 
*'>^±Sr£^S* s ff 6h4i-> ciKiS. >) 9- V Afb 
^ilttt, #4cti]^«^^*^HV?'i' a, 7KlSfb 

'J^^A. ^'J^^A^jg^-C**. 
[0 0 1 I] t£*&6nTC>&v>;tf>^IEgr£%M« 
ASTM*- K (3 5-7 82) KJ:*i^ta*5 
8. 2 4 7 6 2 A, ffi^SD, *^4. 2 8 1 g/cm 

g/cm 3 "C&S (I3 7ISilfil#SaSg«p 1 
40 9 9~p 2 0 0) . C©v>#>^jE@r£WimBS5£& 
L- < L r 4> SffiaS'JSffl*s^{bf S c i ti^c c > 

©K^a*i®^©«ifes*©ts^^*^ < it* nt i> 

< ^tf-7>^>^iE@r§%M*fflc^cfiie*©^-^m 

M©^ 0 £ L- K «£ S SS<ST#* * *^ /c i 3?*. 6 ti 
-S. L^L*^a* s 4. 0 5 g/cm 3 W±r*-?T 
4>. ^5£Stdi8. 240Ai»)^^it{J. 3t^- 
so amB#«: x tr* ;u«i§©^ B B B ©i^5giR^*^ $<uztc 
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[0012] C©<£ 5 ^-7>^>^ i Egt§!g5S-c« < v 
>*'>©JS*4i LTv>#>&jb^&-&t,>ttit^ffi?S 1 

om' / g&ffi<Dmm-?i;#>zm^2>tzii, mfc& 
*m^tc&<£muT&m$ii2>ct&-jm±tjir). -e© 

£b3lffi«©*£ tbSlfflffl#*#t,>ra 
4\ tfrftt«llll,»<&*>. JS-ttSteaWMitt*. 
«Mc«tf-©«IB14tt|& 100m' /gffifiJ: Ol&tfctf 

ifi-yX. ItmmfimZl 0 0m 1 /g«±ic&.2>4j£ 

[0013] *J6IB*ffiK:<tO«JtSn4v>^>3RiE 
«S4Mt« - iE«fS«J»©3lH8K3MHftaf«tcai » C 4 
*> 6 ISA * CCtS^RS 4** * & l > <> © £ 6> *i . 
^(Dtclb (C C CD v > # >3^iEerS®lM £<£ffl 0 fc#*— 

x.'®mimm®&#m < . 3c®sas*is o jm u t 4> *© 

[0 0 1 4] L i/Mntb#0. 4 8 J: *)/h304£ 

4^s^»ccga^/h$< a*, *fca»K:o. 5 5J:*) 
[0015] *»wcc &z^ZsiJy*hTL%Wfam<rM3k 

'J -Mb£f»4Jt*E8l#s 1 0 m* /gW± 

t?* zmm-?>#> l . tta^ttre 350 -cull 
6 8 0'C«T©?aa®BT*4>&< 4 4> iB#paw±. 

5? * L < « 5 0 0 °C£L±.6 5 0 •COTcDSaiuHf 2 ~ 

BMb<»*iiai-r4. -o^x-mmsmimzi 3 o-c«± 

9 0 0 •C«T©jaa©H, WSO<«750~8 50°C 
©SSI£H-C5~3 0B#ffl3 6«c^S-reci{Cj:i3 
Sg-TSCiWtS. LfcA^T, C©J5J£»3 5 0 
•C-6 8 0 -c©iafi?iri$K:4>& < t i> 1 fSHULh. Sf £ 
L< «5 0 0~6 5 0*CT2~4 OBfRSilf H*L--CJ5J££ 
"h&KiifT ^©SS^SiaS©7 3 0*C~ 

9 0 0-C©Sgwifgfc:#?iau CC-CS^!!iffl-rSCi*> 

[0016] it£4?J©Kl£iaS# 3 5 0 *C «fc «5 ffiOSg 

mom^mitmm *>tt& i>. t tc 6 8 o -c <t <o wsoa 

JSl&^tf 5 4 . * t* ;l4?tj§© 'J =f- >i/ A©-* -< h <c 
v>*/>#»AU teii:WF^|!§*2K#t?e4&c& 
Sfc«>K3gK©<&<, > "7 >^iESrS^S L #>ff h ftfc 
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r^*i i B$F.g*!®-cttj£it;#+#K: its -r . * t* ;mti* 

4> a-?>#>x f*ji/«ita^^b«5«f#6tiS 
A*. Xmg#4. 0 5g/cm' lU±-C&->-C > d^tS 
-?-;£St#8. 240AferF©*>©£f#St4{;t:BiiT& 

iSa^{b^7 3 0~9 0 0*C. *?$G<«7 5 0~ 
8 5 0 'C©iaaffiH-C 5 -30 B#IHM«ia L-*Sllg£ia) 
±5#S« C©iaa^«-CW* L<«5B#F^JU±. J:0 
10 !ifSl<«10 ^IBW JJWKM-r 4 C 

4. 05g/cm ! feLt-CfcoTrfpoffrfje 
«** 8 . 2 4 0 A1UT©X e* ;U«jSJg^ffc^jW# 6 
nftt»C4CC&.5. */t3 0B#ra«±©^ffi«> Li 
<omm^C<0. L i / / Mntb^se<)©4 > ©J:(j/J\$ < 

[0017]&fe3 5 0'C-6 50 TWSS^-CJSJfo 

20 coB^Eg^^^^-XABqFBj-c^-s^. c ©aas^fiX 

t5t $ JiMttSXe-C^ (CSfc, $ -tf & C 4 AST' # h tc 
WCL"CC^©-C, C*l&7 3 0'C«±9 0 0*C«T© 

ia^SEH-c^Ma o r ^ifS B H B ts^*© >; ? *> ^ 4 v ^ 
©v>^>oSA«ec 6-rccte H B ^b©^AijltfU. te 
H B B *©tS^PfiA5/i>^ < ») JHSff#flfc^>#>*iE 

30 [0018] 

©jEffirs^MSo'^n^fflc^c^N^i^mvtii^ftftWfc 

(iWI 1 ) S«?>*> (BE TStb^ffiS :30m 

* /g) 0. 5 0 o*;U4^K'jg 1 'i'A (BETffitb* 
Mffl :1m' /g)0. 1 2 8*Jl/*. §fi0. 7 v 
h;U©^-;U5 jUtcr 1 miSm^Ltcm. tt'p-CQ 5 
0 -CWSfCiaS-C 4 ^WRJ64!t o fc. C <D£MWl$: # 

-a, 5 ;u-c i mmmftLtcfe. *»4>-c7 5 0 -c©^ 

^iESrS^M^'J^^Afi^^T^aa-C. ^>^/> 

S£EDTA?il5rc-€-*i.-en«ij;£U Li/Mn^l/tb 

-fyy-- MAT-50 00) *ffll>Tb^y>-{! 
-&X-mmLtc. iESri«JS©tST-^«. 3-B.Nelso 
n.D.P.Rilev©*^ (Proc.Phys.Soc., 57,160(1945)) "C 

[0019] c<DiE.mm^im^m^ -<>mm&^x<D 

50 J^Kl/TfPSSOfc. iEffirSaS. «m^J-C*€»*-5K 
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ttx-. 8 omi on i o©ss^rii^L/c„ c©?g^? 

flnEE^ L/iEffit i/fco £ o xmjEom 3 © y 
^■5 AMffli^c, mWjSior^. S9^aeu>i 
?)\,*W®tt-c l : 2©gfcgrcig£0;rdg£?£ 

CCL i PF, Srl-t-iU/'J ? hJKDiig-C^Lfcfe© 
^U-$-MW4ffll>2 0 1 6^<Dn^>MSi1fe 

*f^«i/fc. ±E^rf«!LfcWft©^*swiiJ--f * io 

HifcSSO. 5mA/cm' . HJE$5H4. 
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[0 020] (39601 2 ~ 4 ) iE«i?g^«^iS^fr*© 
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SteSfcWi. HiS^fl 1 £H«KUTiE«JS1IM©# 

mss©iMj£. timettome. wsuttoifi* 20 
[0021] («teW7 - 1 0 ) TE®is®imrm3i&*p 

©ffi£*>l>it**»fcS«J'M*. jSJfctfll ilSJ^OCOTiE 
®§««©*Mfr. X«K«DaflJ£. tST-S^©ffi'JS. m@ 

<8tt©wffi*tT-afc. mmzm 1 jcth-t. 
(sijsw 1 1-14) iEe^wftM^frf ©sicsa 

JS#«©*Hfr. 3t^S©iB'IS. t&?ffi»©«IS. H«# 

tt©^ffi*tfo/c 0 *s»*sii tcsvr. 

[0 0 2 2] (Mfef&J 15-17) lEffirSMt^S^tt 30 
L-CBET^J;b^BBa*5 8 0m' /g©pj$-?>#>£ 

li,>scii, sjct^soo'c-r-soB^pBitT^ciA^ • 
tcSJgmaiOkM 1 iH«Kl/riEffi*Sft»©»«f. * 
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RteSfeWti:. ^J6fif9l t|n»ifcU-CiE@r£%«©^ 

xms©S'j^. *me»©«j£. sse*m©iw& 

<l«6e!l2 0) IE«r£©»ft;S^#*©v>;tf>Jim£ 
OTBET&JtaffiiStfl 2m' /g©ga&-?>#>£ 

««*©*>«. xsgg©^. t8^^©s?j^. 
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&©S'J5e. *W*tt©»ffi*:fTo;fc. &3k*miK.7f; 
-f. 

(Jt««2 ) iE@r£%WflPS^#*©^>#>Ji!i*4£ L 
-rBETStb^S»*5 8 0i' /g©S&$-g?{b-7># 
>4ffll>SCti, 5 0 0°Cr8 OIKJRStfT ^Ci 

VgKZUmtmmm l £|SHjUci,TjE1§rS**©# 
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*7>M*4£ L-TBET£j±aB5S#5m J /g©H~® 
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